transcriptome. We were able to genotype 3,325 of these microsatellites in 2,640 transcripts 1 3 6 across consistently using RepeatSeq. A total of 685 (25.9%) transcripts harbored more than one 1 3 7 microsatellite. Hexanucleotides (38.89%) were identified as the most abundant microsatellite 1 3 8 motif length, followed by trinucleotides (29.17%) (Supplemental Table S6 ; Supplemental identified, the ACC repeat motif has the highest frequency (6.32%), followed by ATC repeats 1 4 1 (5.78%) ( Supplemental Table S7 ; Supplemental Fig.S2 ). 
Microsatellites with significant allele length effect on gene expression (eSTRs)
1 4 3
When individuals with irregular allele sizes were included in the ANCOVA, 816 (24.5%) 1 4 4 of the microsatellites scored showed a significant allele length effect on gene expression (log 1 4 5 transformed) (p < 0.05), controlling for population and allele-by-population interaction effects. After correcting for multiple comparisons (Storey 2002) , a total number of 479 (14.4%) 1 4 7 microsatellites in 449 unique transcripts were identified as eSTRs (Supplemental Table S8 ). The 1 4 8 percent of variation in gene expression explained by allele lengths ranged from 1% -86% in the 1 4 9 479 eSTRs. ANCOVA results for 237 microsatellites suggest a positive relationship between 1 5 0 allele length and gene expression levels while 242 microsatellites exhibited a negative 1 5 1 correlation between allele length and gene expression ( Figure 1 ). When the irregular allele sizes 1 5 2 that did not conform to the motif length were removed from the analysis, the number of eSTRs Table S9 ). While we acknowledge that the first approach 1 5 6 could have been conservative in identifying eSTRs, removal of all irregular allele sizes from the 1 5 7 analysis could have resulted in excessive manipulation of data as demonstrated by the inflated 1 5 8 estimates of correlation between allele length and gene expression. Taking these concerns into 1 5 9 consideration, we used the 479 eSTRs identified with the first approach for downstream negative correlation patterns observed between allele length (bp) and allele specific gene 1 6 5 expression (read counts per 100 million reads) in microsatellite loci located in contigs, 1 6 6 comp26672 (CCTTCT), comp49389 (GAACCA) and comp25013 (GACGGT), respectively. We characterized the motif lengths associated with eSTR-containing transcripts in 1 6 9 addition to the location of the microsatellite relative to start and stop codons. Hexanucleotides 1 7 0 (40.1%) are the most abundant motif length within the 479 eSTRs followed by trinucleotides 1 7 1 (31.5%) ( Figure 2 ; Supplemental Table S10 ). A total of 169 different motifs (standardized) were eSTRs were most abundant within 5'UTRs (42.1%) followed by coding regions (29.6%) 1 8 8 and 3'UTRs (28.3%) ( Figure 3 ). Of the 165 eSTRs located within the 5'UTRs, the most 1 8 9 abundant motif size present were trinucleotides (34.55%) followed by hexanucleotides (30.30%) 1 9 0 ( Figure 3 ). Within the 116 eSTRs in the coding regions, hexanucleotides were the most abundant 1 9 1 motif size (56.03%) followed by trinucleotides (37.93%) while dinucleotides were absent in the 1 9 2 region. Mononucleotides (0.86%), tetranucleotides (1.92%), and pentanucleotides (0.96%) were 1 9 3 also scarce within coding regions ( Figure 3 ). Hexanucleotides were also the most abundant 1 9 4 within the 111 eSTRs located within the 3'UTRs (38.74%) followed by trinucleotides (26.13%) 1 9 5 ( Figure 3 ). ACC was the most abundant motif in all three regions; 5'UTR (8.48%), coding region 1 9 6 (8.62%) and 3'UTR (8.11%) ( Supplemental Table S12 ). Prior work revealed that a transcript 1 9 7 containing a microsatellite within the 3'UTR is more likely to be differentially expressed with this prediction, we tested whether a transcript containing a microsatellite within 5'UTR, 2 0 0 coding, or 3'UTR is more likely to function as tuning knobs for gene expression. We assessed 2 0 1 the enrichment of eSTRs within 5'UTRs, coding regions, and 3'UTRs in comparison to 2 0 2 frequency of non-eSTRs within the three regions. We did not detect any significant enrichment 2 0 3 of eSTRs within any of the three regions (Chi-squared test, p > 0.05). Further, there was no 2 0 4 significant difference in mean microsatellite tract lengths among eSTRs located in 5' UTRs, 2 0 5 coding regions and 3' UTRs (KW test, p = 0.45) ( Figure 4 ). No significant differences were 2 0 6 detected in eSTR tract length among different motif sizes (KW test, p = 0.07) ( Figure 4 ). 
Validation of gene expression estimates by Real Time PCR (qPCR)
2 1 5
All seven qPCR assays for eSTR-containing transcripts showed strong log-linear 2 1 6
relationships between C T values and cDNA concentrations. Coefficient of determination 2 1 7 estimates (R 2 ) ranged from 0.97 -0.98 and efficiencies (b) ranged from 0.71 to 0.9 2 1 8
( Supplemental Table S4 ). Regression analyses conducted with log C: R ratios for pairs of high 2 1 9 copy number and low copy number loci revealed strong correlation between loci for relative 2 2 0 concentrations estimated with qPCR and RNA-Seq data with R 2 values ranging from 0.77 to 0.96 2 2 1 (Supplemental Table S13 ; Supplemental Fig.S3 ).
2

Validation of RNA-Seq derived microsatellite genotypes with fragment analysis
The number of matches and mismatches in genotypes derived from fragment analysis and 2 2 4
RepeatSeq were counted to assess the concordance between the two methods for each locus. Scoring was limited to 47, 77 and 92 individuals for the three loci, comp 47327 (A), comp 25013 2 2 6 (GACGGT) and comp 47993 (TTCAA) respectively based on genotype data availability for both 2 2 7 methods. The results indicate that the three microsatellite loci exhibited concordance between the 2 2 8 two genotyping methods. The three loci, comp47327, comp25013 and comp47993 showed 71%, 2 2 9 79% and 85% matches and 13%, 14% and 7% mismatches respectively. The missing data 2 3 0 percentages for the three loci were 16%, 7% and 8% respectively. The mismatch and missing 2 3 1 data percentages estimated for the three loci may represent errors arising from both RNA-Seq 2 3 2 and fragment analysis methods during variant calling. 
Functional annotation and Gene Ontology (GO) enrichment analysis
The BLASTX search against the H. annuus protein database identified unique hits for 2 3 5 17,985 contigs in the reference transcriptome ( Supplemental Table S14 ). Of the 449 eSTR- terms (Supplemental Table 16 ). The simplified enriched GO term list included eight specific GO 2 4 0 terms (Table 1; Figure 5 ). They were classified under biological process (4), molecular function 2 4 1
(2) and cellular component (2). The most enriched GO term within the eSTR-containing 2 4 2 transcripts was associated with regulation of transcription (GO:0006355) in the biological 2 4 3 process category (Table 1; Figure 5 ). Within the molecular function category, the GO term represented by most sequences in our list was transcription factor activity (GO:0003700) while with molecular functions. The circle size represents the frequency of the GO term and the color represents the log 10 P-value based on 2 5 1 the Fisher's exact test for enrichment. mechanisms underlying functional microsatellites are likely to be affected by the level of 2 9 5 stability attributed to these repeat tracts. Perhaps irregularities in microsatellites can hinder the 2 9 6
cis-regulatory activity of these genetic elements. Downstream analyses were limited to the 479 eSTRs identified with the more 2 9 8 conservative of the two approaches. The 479 eSTRs showed on average, 1% -86% allele length conducting the ANCOVA, 171 eSTRs showed support for a quadratic relationship between 3 0 8 microsatellite allele length and gene expression. However, when we examined the data for those 3 0 9
loci, most of these trends were identified as artifacts of rare allele lengths represented in the data 3 1 0 set. These findings suggest that the relationship between gene expression and extant alleles in The position of the microsatellite tract within genes may also provide insights regarding these different mechanisms, we estimated the frequencies of different motif types within the 3 1 5 eSTRs, and also examined the likely locations for the eSTRs within H. annuus genes. A previous 3 1 6 study conducted on the RNA-Seq data generated from the same populations indicated that 3 1 7 microsatellites with motif types A and AG as well as microsatellites located within the 3'UTRs ). In the current study we did not detect any significant enrichment of specific 3 2 0 microsatellite motif types within the eSTRs in comparison to non-eSTRs which suggests that the 3 2 1 motif type may not affect the microsatellite's ability to function a tuning knob. These contrasting patterns observed between the study on microsatellites involved in differential gene expression groups of microsatellites in generating large and subtle differences in gene expression. Furthermore, except for one microsatellite locus in transcript comp29399, there were no 3 2 6 microsatellites in common between those identified as eSTRs in the current study and the 3 2 7 microsatellites identified within differentially expressed genes between these two latitudinal When we examined the location of the eSTRs within the transcribed region, our results 3 3 0
suggest that most eSTRs (42.1%) are located in 5'UTRs. Combined, microsatellites in 5' and 3' UTRs accounted for 70.4% of the eSTRs. However, when we estimated the enrichment of eSTRs 3 3 2 in the three regions in comparison to the distribution of non-eSTRs genotyped, we did not detect documented in several studies (Fondon and Garner 2004; Gemayel et al. 2015; Lee et al. 2003) . represented with triplet repeats that could potentially function in the same manner. The previously unreported mechanisms by which they may function as cis-regulatory elements.
3 5 0
Microsatellites in 3'UTRs are assumed to influence transcript stability via AU rich repeats that in 3'UTRs identified in this study may influence gene expression levels.
3 5 6
Tract length comparisons among eSTRs from the three regions did not indicate any 3 5 7
significant difference suggesting that eSTRs may expand or contract under similar selective 3 5 8
pressures irrespective of the region they are located. This finding runs contrary to previous 3 5 9
studies that report significant tract length differences in general among microsatellites located in We predicted that eSTRs are more likely to be found within genes that are constantly in 3 6 4
need of "tuning" to respond to changes in the environment. Previous studies on bacterial species more so than others, we searched for specific GO terms enriched within eSTR-containing
transcripts. The enrichment of GO terms linked to "regulation of transcription" (GO:0006355), "mRNA splicing, via spliceosome" (GO:0000398), and "spliceosomal tri-snRNP complex" 3 7 5
(GO:0097526) hint at specific mechanisms in which the involvement of eSTRs may be crucial 3 7 6 (Table 1; Figure 5 ). Other more general GO terms identified as enriched within the eSTR- containing transcripts ( Supplemental Table 16 ) also indicate specific genes where environment 3 7 8
tracking and "tuning" may be desired. Our study identified 479 transcribed microsatellites that can potentially serve as tuning 3 8 0 knobs in common sunflower. Given that our study was limited to populations across a narrow is noteworthy. Based on these findings, we envision that the number of microsatellites that could 3 8 3
potentially alter phenotypes may be more than we could discover given the limited number of improves our understanding of mechanisms that can influence rapid adaptation via mutation at 3 9 2 rates far greater than typically assumed. Sample collection and common garden experiment 3 9 6
As previously described, seeds were collected from six natural populations of common Table S2 ). RNA-Seq produced 100 bp paired end reads. The quality of the reads was assessed with Fast QC software 
